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The conduction system and the myocardium of five pa•
tients with Romano-Ward syndrome and one patient 
with the Jervell and Lange-Nielsen syndrome were stud•
ied to determine the cause of the prolonged QT interval. 
The patients were 9 and 15 months and 2, 5 and 19 years 
of age, respectively. All had a prolonged QTc interval. 
A sixth patient was a 16 year old girl who died suddenly; 
several members of her family had a prolonged QT in•
terval. The only common finding in the conduction sys•
tem in all cases was marked fatty infiltration in the ap•
proaches to the atrioventricular (A V) node. In four, the 
The congenital syndrome of prolonged QT interval with 
severe bilateral congenital perceptive deafness (the Jervell 
and Lange-Nielsen syndrome [1]) or without deafness (the 
Romano-Ward syndrome [2,3]) is well known. The fre•
quency of sudden death in these syndromes has been doc•
umented (4-9). The anatomic base, however, for the con•
genital prolonged QT interval is unknown. We studied the 
conduction system of the heart in six patients with these 
syndromes with the hope that the cause of the electrocar•
diographic abnonnality would be found. 
Methods 
Patients. The conduction system in four patients with 
the Romano-Ward syndrome (Cases 2 and 4 to 6) and one 
patient with the JerveU and Lange-Nielsen syndrome (Case 
I) was examined postmortem. An additional patient (Case 
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A V bundle was lobulated, with loop formation in one. 
In four, the A V bundle and bundle branches showed 
fibrosis. The ventricular myocardium in all cases was 
chronically inftamed. In two cases, the A V node was 
partially embedded in the central fibrous body. 
It is not clear how these changes are related to the 
disturbance in the repolarization process and the pro•
longation of the QT interval. However, it is interesting 
that all patients had an abnormality in the conduction 
system. 
(J Am Coil CardioI1985;6:1110-9) 
3) was a 16 year old girl who died suddenly; several mem•
bers of her family showed a prolonged QTc interval. Di•
agnostic criteria for the Jervell and Lange-Nielsen syndrome 
included QT prolongation, syncopal attacks and congenital 
deafness. Patients with familial idiopathic QT prolongation 
associated with syncopal attacks without deafness were con•
sidered to have the Romano-Ward syndrome. A prolonged 
QT interval was diagnosed in three of the five patients and 
in family members of the other two patients. In all cases, 
this prolonged interval was unrelated to drugs, electrolyte 
imbalance or an obvious central nervous system abnonnality. 
Pathologic study. The method of studying the conduc•
tion system has been previously reported (10). The technical 
details of the study of the conduction system of the six cases 
are included in Table I. The major clinical features of the 
patients are given in Table 2. 
Case Reports 
Case 1 
This 5 year old white boy had had spells of passing out 
since infancy. He had been diagnosed as having the Jervell 
and Lange-Nielsen syndrome and at the age of 2 years was 
treated with propranolol (lnderal) and phenytoin (Dilantin). 
Thereafter, he did well with no further episodes of ventric•
ular tachycardia. On his last day of life, he did not feel 
well, was pale and was taken to a hospital. He was found 
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Table 1. Method of Study of the Conduction System 
Case SA TR AY Stains No. of Sections 
qlO q40 qlO Weigert-van Gieson, hematoxylin- 1,224 
eosin, Gomori trichrome, 
2 qlO q40 qlO and Hematoxylin-eosin, Weigert-van 1,472 
q20 Gieson 
3 qlO q40 qlO and Hematoxylin-eosin, Weigert-van 2,272 
q20 Gieson, Gomori trichrome 
4 qlO q40 qlO Hematoxylin-eosin, Weigert-van 1,032 
Gieson 
5 qlO q40 qlO Weigert-van Gieson, hematoxylin- 2,068 
eosin, Gomori trichrome 
6 qlO q40 qlO Weigert-van Gieson, hematoxylin-eosin 1,668 
q 10 = every 10th section; q20 = every 20th section; q40 = every 40th section; q I 0 and q20 = first block 
every 10th section and second block every 20th section; AY = atrioventricular node and approaches, bundle 
of His and bundle branches up to level of moderator band; SA = sinoatrial node and its approaches; TR = 
zone of atrial septum between approaches to sinoatrial node and approaches to atrioventricular node. 
to have a prolonged QT interval but no cardiac arrhythmia, 
He appeared to be in a postictal state, and seemed to have 
a minor seizure. He was given diazepam (Valium) and he 
became somnolent and was transferred to the Good Sa•
maritan Hospital in Phoenix, Arizona, where he was still 
somnolent on admission. His vital signs were stable. The 
electrocardiogram showed sinus rhythm and a prolonged 
QT interval with no extrasystoles. He gradually developed 
respiratory insufficiency and required intubation and sup•
port. He developed ventricular tachycardia and fibrillation 
and died. 
Postmortem examination. Aside from the findings in 
the heart, the pathologic diagnosis was: I) bilateral pul•
monary congestion, and 2) edema of the brain. On gross 
examination of the heart, all the chambers were hypertro•
phied and enlarged. The endocardium was diffusely thick•
ened in all chambers. 
Microscopic examination. The findings in the conduc•
tion system are listed in Table 3 and illustrated in Figure I. 
Central fibrous body. This was a thick structure. The 
aorta was situated to the right of the eustachian valve; thus, 
it was slightly dextroposed. There was an atrial muscle 
inclusion in the aortic component of the central fibrous body. 
Table 2. Clinical Features of Six Patients 
Case Age & Sex Symptoms 
I 5 yr/M Syncope 
2 19 yr/F Syncope 
3 16 yr/F Cardiac arrest 
4 9 mo/F Cardiac arrest 
5* 15 mo/M Cardiac arrest 
6* 2 yr/M Cardiac arrest 
Summit of the ventricular septum. There was distinct 
myocarditis with focal degeneration, mononuclear cell in•
filtration and slight fibrosis and a bizarre arrangement of 
some of the muscle cells. The irregular staining of the cy•
toplasm of muscle cells was more prominent on the left side 
of the posterior septum. 
Myocardium of the ventricles. In the right ventricle, an 
infiltration of mononuclear cells was noted. In the left ven•
tricle, there was slight to moderate mononuclear cell infil•
tration with occasional zones of focal degeneration. The 
epicardium was moderately infiltrated with mononuclear cells. 
The right and left ventricular parietal walls were equally 
involved. 
Case 2 
This 19 year old girl had mild to moderate pulmonary 
stenosis, diagnosed by cardiac catheterization. For many 
years she had had syncopal episodes lasting 5 to 10 minutes, 
during which she was unresponsive. After these attacks she 
was well with no disturbance in hearing. The glucose tol•
erance test was negative. The electrocardiogram revealed a 
prolonged QT interval. During her last attack a rescue squad 
noted that she had no pulse or respiration. Cardiopulmonary 
Duration of QT/QTc 
Symptoms Interval Arrhythmia 
5 yr 0.56/0.58 YT,YF 
10+ yr 0.45/0.50 YF,A 
8 yr A.YT.YF 
0.68/0.65 YT 
SD 0.36/0.46 A 
9 mo -10.47 A.VT 
*Identical twins; A = asystole; F = female; M = male; SD = sudden death; YF = ventricular fibrillation; 
YT = ventricular tachycardia. 
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Table 3. Conduction System 
Case SA Node Approaches to SA Node Atrial Preferential Pathways Approaches to A V Node 
I 
(Fig. I) 
Increase in connective tissue; 
slight mononuclear cell 
infiltration 
Fine infiltration of 
mononuclear cells, also 
present in nerves; 
hemorrhage in some areas 
Hemorrhage and fatty infiltration Marked fatty infiltration; 
of mononuclear cells in slight mononuclear cell 
nerves infiltration 
2 Divided into two segments, one Slight mononuclear cell Marked fatty infiltration Marked fatty infiltration 
(Fig. 2 and 3) situated in normal position infiltration also involving (Fig. 2) 
3 
(Fig. 4) 
4 
(Fig. 5 and 6) 
5 
6 
(Fig. 7) 
and one in roof of right 
atrium; normally situated 
node showed increased 
connective tissue 
No change 
Slight mononuclear cell 
infiltration 
No change 
No change 
occasional nerve 
No change 
Fine mononuclear cell and 
red cell infiltration; 
fibroelastosis of 
endocardium 
No change 
No change 
resuscitation was performed, during which the electrocar•
diogram showed asystole, subsequently ventricular fibril•
lation, idioventricular rhythm and then sinus tachycardia. 
She became comatose and died 1 b days later. 
Postmortem examination. Aside from the findings in 
the heart, the pathologic diagnosis was: 1) bronchopneu•
monia in the right lower lobe, and 2) pulmonary edema. 
On gross examination of the heart, all the chambers were 
hypertrophied and enlarged. There was an atrial septal defect 
of the fossa ovalis type measuring 0.9 cm in greatest di•
mension. The tricuspid orifice was somewhat smaller than 
normal. The tricuspid leaflet structure was thickened from 
the anulus to the edge. The pulmonary orifice was smaller 
than normal and the pulmonary valve was abnormal. Al•
though there were three cusps, the commissures and valvular 
tissue were markedly thickened and whitened. 
Microscopic examination. The findings in the conduc•
tion system are listed in Table 3 and illustrated in Figures 
2 and 3. 
Ventricular septum. The right side of the summit of the 
ventricular septum showed marked fibrosis with arteriolo•
sclerosis (Fig. 3). In the lower part of the septum there was 
Moderate fatty infiltration Moderate fatty infiltration 
Distinct mononuclear cell Moderate infiltration of 
infiltration; hemorrhage mononuclear cell and red 
cells with fibrosis, 
considerable fatty 
infiltration 
No change Marked fatty infiltration 
No change Marked fatty infiltration 
a fine infiltration of mononuclear cells. Occasional fibrous 
scars were also noted on the right side. 
Both ventricles (parietal walls). Focally, there was fi•
brosis with occasional mononuclear cells. 
Case 3 
This 16 year old white girl had a cardiac arrest while 
watching a play with her mother. The only symptom before 
the arrest was hyperventilation. Cardiopulmonary resusci•
tation was performed en route to the hospital. On arrival, 
the electrocardiogram showed a flat line. After shock and 
administration of lidocaine, naloxane (Narc an) and bicar•
bonate, the recorded rhythms were ventricular tachycardia, 
ventricular fibrillation and finally sinus rhythm with pre•
mature ventricular complexes. 
Past history revealed that she had had a cardiac arrest 
requiring open cardiac massage at the age of 8 years during 
induction of general anesthesia for removal of a hairy nevus. 
Several years later, she was diagnosed as having Ewing's 
sarcoma of the left tibia; chemotherapy was administered 
with no residual lesion. Because she had palpitation, a Hol•
ter monitor was attached but no electrocardiographic ab-
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Table 3. (continued) 
AV Node AV Bundle, Penetrating A V Bundle, Branching Left Bundle Branch Right Bundle Branch 
Partially embedded in Bundle moderately Slight fibrosis with Slight fibrosis with I st part, slight to 
central fibrous segmented; slight scattered mononuclear scattered mononuclear moderate fibrosis; 2nd 
body; slight mononuclear cell cells; occasional cells; peripheral and 3rd parts, 
mononuclear cell infiltration neutrophils Purkinje cells narrow cytoplasm of cells 
infiltration with increased shows increased 
eosinophilia; more eosinophilia 
distally, distinct 
degeneration of 
cytoplasm of these cells 
(Fig. I) 
Partially present in Lobulated (Fig. 3) Moderate fibrosis Fibrosis in beginning; Moderate fibrosis 
central fibrous further down slight 
body; fatty infiltration of 
infiltration and mononuclear cells 
fibrosis; moderate 
mononuclear cell 
infiltration 
Slight mononuclear Distinct loop formation Slight fibrosis Marked fibrosis Moderate fatty infiltration 
cell infiltration (Fig. 4) 
around vessels 
Distinct mononuclear Slight fibrosis On left side of summit Moderate fibrosis with Fibrosis 
cell infiltration (Fig. 5) moderate slight infiltration of 
fibrosis; moderate mononuclear cells 
infiltration of 
mononuclear cells 
Partly embedded in Slight to moderate fibrosis Slight to moderate fibrosis Larger than normal for Larger than normal for 
central fibrous 
body 
Partly embedded in Lobulated with slight Slight fibrosis 
central fibrous fibrosis (Fig. 7) 
body 
normalities were found, Family history revealed that the 
father had syncopal attacks and that he and several members 
of the family had a prolonged QT intervaL 
The patient remained in a coma during her hospital stay, 
Arterial blood gases, blood urea nitrogen and creatinine 
were normal; serum calcium level was 7,6 mEq/liter. The 
electrocardiogram showed right bundle branch block, left 
anterior hemiblock and Q waves in leads V I to V 4, The 
echocardiogram showed increased thickness of the ventric•
ular septum, The patient died after 3 days of hospitalization, 
Postmortem examination. Aside from the findings in 
the heart, and a hypertrophied left ventricle noted at gross 
examination, no abnormalities were found, 
Microscopic examination. The findings in the conduc•
tion system are shown in Table 3 and Figure 4, 
Ventricular septum. In the summit of the septum, mod•
erate perivascular fibrosis was noted. The left side of the 
septum showed hemorrhages. In the lower septum, there 
was fine fibrosis throughout with occasional degeneration 
of cells and infiltration of mononuclear cells. 
Myocardium of the ventricles. In the right ventricle, 
marked fatty infiltration was present. Focally, there was 
this age; occasional this age; slight fibrosis 
mononuclear cell 
infiltration 
Slight to moderate fibrosis Large for age of patient; 
moderate fibrosis 
irregular staining of the cytoplasm of myocardial cells with 
scattered mononuclear cell infiltration. In the left ventricle 
a fine fibrosis was present throughout. In a papillary muscle, 
there was a focal degeneration with hemorrhage and scat•
tered mononuclear cells. 
Case 4 
This female neonate was born at term by cesarean section 
because of a breech presentation. The pregnancy was com•
plicated by a bradycardia that was documented by ultrasound 
during the fourth month of pregnancy. At 1 week of age, 
the electrocardiogram showed a prolonged QT interval with 
a corrected QT interval of 0.65 second. There was a ven•
tricular rate of 64/min and a 2: 1 ventricular response, with 
every other P wave occurring before the T wave. The patient 
was referred to the Oregon Health Sciences University for 
evaluation. The results of physical examination were normal 
except for the slow heart rate. The patient's hearing appeared 
to be normaL The M-mode echocardiogram showed normal 
left ventricular dimensions with hyperdynamic shortening; 
the interventricular septum was mildly hypertrophied. Bi•
lateral auditory-evoked responses and electroencephalo-
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Figure 1. Case I. Eosinophilic degeneration of Purkinje cells of 
the left bundle branch (arrows) with mononuclear cell infiltration. 
(Hematoxylin-eosin stain x 150, reduced by 30%.) 
graphic results were normal. A Holter monitor recording 
did not reveal ventricular ectopic rhythm. There was no 
family history of deafness or arrhythmias. Serum electro•
lytes on multiple determinations were within normal limits. 
Values (mEg/liter) included: sodium 139; potassium 5.5; 
chloride 107; calcium 11.4; magnesium 2.2; glucose 65; T 3 
uptake 31.5; T4 uptake 9.3; adjusted T4 uptake 8.9; toxo•
plasmosis titer, negative. 
At 4 months of age, the patient had normal growth and 
development and the electrocardiogram was unchanged. At 
9 months of age she had a seizure and cardiopulmonary 
resuscitation was performed. She continued to have multiple 
cardiac arrests associated with recurrent ventricular tachy•
cardia, of which she died. 
Postmortem examination. Aside from the findings in 
the heart, no abnormalities were found. The gross exami•
nation of the heart showed that all the chambers were hy•
pertrophied and enlarged. The posterior crest region was 
abnormal, there being several muscles demarcating off the 
atrial appendage from the atrium. The left ventricle showed 
fibroelastosis. 
Microscopic examination. The findings in the conduc•
tion system are given in Table 3 and Figure 5. 
Summit of the ventricular septum and remainder of sep•
tum. Focally, there was a marked infiltration of mononu•
clear cells (Fig. 6). There were focal areas of hemorrhage, 
and distinct fibrosis predominantly on the left side. Large 
vascular channels permeated the summit. Hemorrhages and 
fibrosis were noted, predominantly on the left side. 
Right ventricle. A moderate infiltration of mononuclear 
cells, focal fibrosis and hemorrhage were noted. 
Left ventricle. There was moderate infiltration of mono•
nuclear cells and hemorrhage. The intima of some vessels 
was proliferated and an organizing pericarditis was present. 
Case 5 
This 15 month old male black infant was the twin of the 
boy in Case 6. His hearing appeared to be normal. He 
seemed to have fallen asleep in his playpen in his sister's 
presence and when she picked him up he was not breathing. 
At the hospital emergency room, cardiopulmonary resus-
Figure 2. Case 2. Fatty infiltration in the approaches to the atrio•
ventricular node (arrows). A = atrial septal musculature; CFB 
= central fibrous body; MY = mitral valve; Y = ventricular 
septal musculature. (Weigert-van Gieson stain x 17, reduced by 
30%.) 
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Figure 3. Case 2. Lobulated atrioventricular bundle (B) and fi•
brosis of summit of ventricular septum (V), predominantly on the 
right side. The arrow indicates the thickened arteriole. (Weigert•
van Gieson stain x 22, reduced by 30%.) 
citation was unsuccessful. His twin brother was known to 
have a prolonged QT interval (0.47 second corrected). 
Postmortem examination. Aside from the findings in 
the heart, the pathologic diagnosis was: 1) pulmonary edema, 
and 2) early pneumonitis. On gross examination, the heart 
was somewhat enlarged. The left atrium and ventricle were 
hypertrophied and enlarged. The posterior crest was some•
what accentuated. There was distinct accentuation of the 
limbus as it reached the tubercle of Lower. The limbus 
bifurcated into two portions distally producing a small pouch. 
Distinct fibroelastosis was present on the limbus, the tu•
bercle of Lower and the mouth of the inferior vena cava. 
Microscopic examination. The findings in the conduc•
tion system are listed in Table 3. 
Ventricular septum (summit). Irregular staining of cy•
toplasm of myocardial fibers was seen predominantly on the 
left side. There was moderate infiltration of mononuclear 
cells. In the remainder of the septum, areas of degeneration 
with scattered mononuclear cells were seen. 
Central fibrous body. This was thick. 
Myocardium. In the right ventricle the myocardium 
showed focal perivascular fibrosis with a slight infiltration 
of mononuclear cells. In the left ventricle, there were areas 
of irregularity in staining with few mononuclear cells, es•
pecially seen around the vessels. 
Case 6 
This 2 year old black boy was the identical twin of Patient 
5. The patient had a cardiac arrest 1 1/2 weeks before the 
death of his twin brother. He was documented to have a 
prolonged QT syndrome and was administered large doses 
of propranolol. His hearing appeared to be normal. He was 
followed up for 8 months without symptoms. He was at 
home on the afternoon of December 4, 1982 and was eating 
when he began choking and collapsed. Cardiopulmonary 
resuscitation was begun immediately and he was taken to a 
hospital. On arrival he had no spontaneous pulse or respi•
ration and full resuscitative measures were instituted. His 
condition was temporarily stabilized, but he had a second 
cardiac arrest in the evening and was transferred to another 
hospital on a ventilator manifesting ventricular tachycardia. 
There he experienced bradycardia, arrhythmias and multiple 
arrests and died 4 hours after admission. 
Figure 4. Case 3. Loop formation in atrioventricular bundle (ar•
row). Abbreviations as in Figures 2 and 3. (Weigert-van Gieson 
stain x 45, reduced by 30%.) 
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Figure 5. Case 4. Atrioventricular bundle (arrows) on the left 
side of the ventricular septum (V) showing fibrosis. TV = tricuspid 
valve. (Weigert-van Gieson stain x 22, reduced by 30%.) 
Postmortem examination. Aside from the those noted 
in the heart, there were no significant findings. On gross 
examination, the heart was slightly enlarged. The endocar•
dium of the right atrium was thickened and whitened, es•
pecially in the region of the atrial preferential pathways. 
The left ventricle was hypertrophied and enlarged and the 
endocardium of this chamber was distinctly thickened and 
whitened at its base and throughout the left bundle branch. 
Microscopic examination. The findings in the conduc•
tion system are given in Table 3 and Figure 7. 
Central fibrous body. This was somewhat enlarged. 
Myocardium. The myocardium of the right ventricle 
showed scattered mononuclear cells. In the left ventricle, a 
few mononuclear cells and neutrophils were present 
throughout. There was focal degeneration of myocardial 
cells. 
Summit of the ventricular septum and the remainder of 
septum. Areas of focal increase in eosinophilia of cells and 
an infiltration of mononuclear cells were present, predom•
inantly in the left side. 
Discussion 
Congenital QT interval prolongation combined with syn•
copal attacks with deaf-mutism and sudden death was de•
scribed by lervell and Lange-Nielsen (I) in 1957. The same 
syndrome with normal hearing was described by Romano 
et al. (2) in 1963 and Ward (3) in 1964. More recently, the 
Figure 6. Case 4. Myocarditis in the ventricular septum. (He•
matoxylin-eosin stain x 150, reduced by 30%.) 
syndrome has been reviewed by Mathews et al. (II) in 1972, 
Vincent et al. (12) in 1974 and Schwartz et al. (13) in 1975. 
Recent work (4-9) has dealt with attempts at surgical 
treatment. 
The cause of this disease is unknown. The theories of 
its possible pathogenesis are (13): 1) abnormalities in vas•
cularization of the sinoatrial node (14); 2) abnormalities in 
myocardial metabolism (15,16); and 3) abnormal sympa•
thetic nervous system stimulation (13,17). 
Previous pathologic studies. Both gross and micro•
scopic pathologic examination of the heart in patients with 
congenital QT prolongation usually show no abnormalities. 
However, in one of the cases of Andersson and Lundkvist 
(18), microscopic examination of the myocardium showed 
patchy fibrosis with slight perivascular round cell infiltra•
tion. In one case of Frazer et al. (19), there was fibroelastosis 
of the left ventricle and both atria, and in both cases of 
Hashiba (20), fibroelastosis of the left ventricle was present. 
To our knowledge, the conduction system has been stud•
ied in only eight cases of congenital QT prolongation. In 
two cases of the lervell and Lange-Nielsen disease there 
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Figure 7. Case 6. Lobulated atrioventricular bundle (B); other 
abbreviations as in Figures 2 and 5. (Weigert-van Gieson stain x 
45, reduced by 30%.) 
was pathologic change in the sinoatrial node and its ap•
proaches (19). In four cases of the Romano-Ward syndrome 
there was pathologic change in the bundle of His (11,20,21), 
the left bundle (11,20,21) or the Purkinje cells (20), while 
in one case the conduction system was normal (22). In the 
case described by Southall et al. (23) in which hearing was 
not tested, the conduction system was normal. 
In addition to these studies, a special study of the nerves 
in the heart was made by James et al. (24) in five cases of 
the Romano-Ward syndrome and three cases of the Jervell 
and Lange-Nielsen disease. They found inflammation of the 
nerves around the sinoatrial node, in the atrial preferential 
pathways and in the ventricular myocardium. They raised 
the question whether prolongation of the QT interval was 
due to a myocardial neuritis, producing a functional im•
pairment in the adrenergic neural control of the heart. 
An electron microscopic study was made of the myo•
cardium by Moothart et al. (22) in a case of the Romano•
Ward syndrome. They found that the myofibrils had uni•
formly shortened sarcomeres. The mitochondria appeared 
to be increased in number and many contained one or more 
dense, round masses 250 to 300 A in diameter. The authors 
raised the question whether prolongation of the QT interval 
was due to an abnormality in calcium metabolism. 
Present study. In our study, there was only one case of 
the Jervell and Lange-Nielsen disease (Case 1). The con•
duction system in this case showed an increase in connective 
tissue of the sinoatrial node with slight mononuclear infil•
tration. In the approaches to the sinoatrial node, there was 
also mononuclear cell infiltration that involved nerves as 
well. Fatty infiltration and hemorrhage were present in the 
atrial preferential pathways and approaches to the atrioven•
tricular (AV) node. The AV node was embedded in the 
central fibrous body, the bundle was segmented and fibrosis 
was present in both bundle branches. Distinct myocarditis 
was in evidence. 
The other five patients in our series had the Romano•
Ward syndrome, which was accompanied by pulmonary 
stenosis in one patient (Case 2). All five had fatty infiltration 
of the approaches to the A V node, and in two the A V node 
was partly embedded in the central fibrous body. In all the 
bundle of His was either lobulated or demonstrating loop 
formation or fibrosis. Four patients had fibrosis of one or 
both bundle branches. All had inflammatory changes in the 
myocardium. In three, the nerves in the atrial preferential 
pathways and approaches to the sinoatrial node were infil•
trated with mononuclear cells. In the patient with pulmonary 
stenosis (Case 2), marked fibrosis of the right side of the 
summit of the ventricular septum was seen. 
Conduction system changes in prolonged QT syn•
drome. A congenitally prolonged QT interval is considered 
to be due to an error in repolarization. Which of the patho•
logic changes in the conduction system found in our cases 
could conceivably be related to this error? Notably, fatty 
infiltration in the approaches to the A V node. Fatty infil•
tration has been incriminated as a possible factor leading to 
the production of arrhythmias (25). Its relation to the re•
polarization process is not clear. 
All our cases showed inflammatory changes in the ven•
tricular myocardium, especially prominent in the ventricular 
septum. It is conceivable that this might result in a delay 
in repolarization or uneveness in the process. However, the 
myocarditis might be associated with or due to resuscitation 
procedures, protracted inotropic support, electric defibril•
lation and other acute influences surrounding the patients' 
death, rather than a cause of the prolonged QT interval. It 
is indeed interesting that no previously mentioned investi•
gators observed myocarditis. We therefore believe that this 
cannot be implicated in all cases of prolonged QT interval, 
but it may be important in some. 
The embedding of the A V node in the central fibrous 
body in some cases and the fibrosis, lobulation and loop 
formation in the bundle of His might affect conduction. But 
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here again, it is difficult to see what role they might play 
in the repolarization process, We have seen other cases in 
our series of arrhythmia in which the A V node was embed•
ded in the central fibrous body and the His bundle was 
markedly septated (25). 
We also found some scattered inflammatory cells in some 
nerves of the heart in Cases I to 3. Because the epicardium 
also showed inflammation, and the number of inflammatory 
cells in the nerves was not extensive, we do not know 
whether this is a neuritis, James et al. (24), however, found 
extensive involvement of the nerves of the heart in all their 
cases. 
Yanowitz et al. (26) indicated that right stellate gangli•
onectomy or left stellate ganglion stimulation prolongs the 
QT interval and increases the T wave amplitude. This has 
led to considerable recent work (4-9) in the treatment of 
the prolonged QT syndrome, Bhandari et al. (8) noted sig•
nificant shortening of the QTc interval after sympathectomy 
but the QT interval still remained abnormally prolonged in 
all but one of their patients. Furthermore, over a mean 
follow-up period of 38.6 ± 19 months, eight patients de•
veloped recurrent symptoms that included cardiac arrest in 
three (one fatal, two nonfatal), syncope in four and pre•
syncope in six. Hence, left cervicothoracic sympathectomy 
proved inadequate for long-term control of symptoms in 
most patients with the prolonged QT syndrome. The ques•
tion arises whether the pathologic changes in the heart and 
conduction system may be related to other diseased tissue 
in these cases and unrelated to the prolonged QT interval. 
The heart was hypertrophied in all cases, and fibroelastosis 
of the left ventricle was seen in Cases I, 4, 5 and 6. We 
believe that this was probably due to fainting spells brought 
on by the QT prolongation. No other cause for the hyper•
trophy and fibroelastosis was found and no cause was found 
for the conduction system changes. 
Conclusions. Whatever the cause of the prolonged QT 
interval, we are confronted with the fact that the conduction 
system in all of our six patients showed distinct chronic 
pathologic change with or without congenital abnormality 
of the conduction system. Currently, we are unable to relate 
this to abnormalities in the repolarization process. However, 
they cannot be ignored because they cannot be ascribed to 
any known disease. 
Our patient (Case 2) with the Romano-Ward syndrome 
with congenital pulmonary stenosis is of interest. The com•
bination of familial pulmonary stenosis and deafness without 
QT prolongation has been described (27). Our case further 
demonstrates that some patients with pulmonary stenosis 
with or without deafness may also have QT interval pro•
longation. To our knowledge, this combination of congen•
ital abnormalities has not been previously reported. 
We are indebted to Edith Webster for her assistance in the preparation of 
this paper. 
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